Soybean (Glycine max) yields are threatened by multiple stresses including soil salinity. 22 heterologous expression systems, GmSALT3 restored growth of K + -uptake-defective E. coli, 33 whilst in Xenopus laevis oocytes, GmSALT3 contributed to net influx and accumulation of 34 Na + , K + , and Cl -. Overall, these findings provide new insights on the impact of ER-localised 35
GmSALT3 confers net shoot exclusion for both Na + and Clto soybean and improved salt 23 tolerance; however, how the ER-localised GmSALT3 achieves this is unknown. Here, 24
GmSALT3 function was investigated in heterologous systems, and in near isogenic lines that 25 contained the full-length GmSALT3 gene (NIL-T; salt-tolerant) or a truncated transcript (NIL-26 S; salt-sensitive). A time course analysis of the NILs confirmed shoot Clexclusion breaks 27 down days prior to Na + exclusion. Shoot Na + exclusion occurs via a root xylem-based 28 mechanism in NIL-T lines, as is common amongst plants, with Na + content significantly 29 greater in NIL-S stem xylem sap. In contrast, NIL-T plants exhibited significantly greater Cl -30 content in both the stem xylem and phloem sap compared to NIL-S, indicating that shoot Cl -31 exclusion likely depends upon a novel phloem-based Clrecirculation back to NIL-T roots. In 32 the only CHX so far connected to salinity tolerance (Sze & Chanroj, 2018) . Functional studies 92 of AtCHXs have indicated that they might play role in modulating cation and pH homeostasis 93 within the endomembrane system (Chanroj et al., 2011; Czerny et al., 2016; Padmanaban et al., 94 2007 ). The ER-localised AtCHX20 was, for example, suggested to be an endomembrane K + 95 transporter involved in the osmoregulation of guard cells (Padmanaban et al., 2007) . 96
The salt-tolerant soybean cultivar Tiefeng 8 contains a full-length GmSALT3, while the 97 salt sensitive cultivar 85-140 contains a 3.78-kb copia retrotransposon insertion in exon 3 of 98
GmSALT3 that truncates the transcript with a premature stop codon (making the 85-140 99 essentially a Gmsalt3 knockout). GmSALT3 is predominantly expressed in root cells associated GmSALT3 has been localized to the endoplasmic reticulum (ER), similar to AtCHX20. This 104 differs from most other proteins known to be involved in shoot Na + and Clexclusion, which 105 have mainly been localised to the plasma membrane and tonoplast. 106
Shoot salt exclusion requires the co-ordinated activity of many ion transporters that 107 may: 1) limit the net entry of salt into the roots, 2) compartmentalise salt in the roots; and or 3) 108 retrieve salt from the root xylem or shoots through the phloem. Examples of transporters that 109 have been implicated in salt tolerance in soybean include: the tonoplast localised GmNHX1 110 (Na + /H + antiporter 1) (Li et al., 2006a) ; and the plasma membrane localised GmSOS1 (salt 111 overly sensitive 1, Na + /H + antiporter) and GmCAX1 (Ca 2+ /H + antiporter 1) (Luo et al., 2005; 112 Phang et al., 2008) . These transporters are proposed to be involved in net exclusion of salt entry 113 into roots (GmSOS1), its compartmentation (GmNHX1) or signalling (GmCAX1). Significantly, 114 the transporters contributing to reduced net transfer of salt to the shoot, the mechanism by 115 which shoot salt accumulation is commonly regulated in other species, are yet to be resolved 116 in soybean (Cao, Li, Liu, Kong, & Tran, 2018; Munns & Tester, 2008) . For instance, in wheat, 117 rice and Arabidopsis the HKT1;5-like (high affinity K + transport) proteins that localise to cells 118 that surround the root xylem facilitate Na + retrieval back into the root (Rana Munns et al., 2012; 119 Møller et al., 2009; Ren et al., 2005; Uozumi et al., 2000) . GmSALT3 differs from these 120 previous proteins in being ER-localised and so is unlikely to directly confer shoot salt exclusion 121 via retrieval from the xylem sap. Therefore, the mechanism by which GmSALT3 imparts 122 improved salt tolerance is yet to be determined. 123
Here, we investigated the function of GmSALT3 in heterologous systems and in planta 124 to gain insights into the mechanisms by which GmSALT3 contributes to salt tolerance. In 125 quarantine. Soybean seeds were germinated in pots containing a 1:1 mixture of 141 perlite:vermiculite as described by Obermeyer & Tyerman (2005) . 142 143 cDNA cloning and plasmid preparation 144
To synthesize GmSALT3 and Gmsalt3 cDNA (2436 and 1131 nucleotides, respectively), 145 total RNA was isolated from roots of 4-week old soybean plants using the TRIzol method (Shi 146 & Bressan, 2006) . First-strand cDNA was synthesized using a Thermoscript RT III kit 147 (Invitrogen, USA). Gene specific primers (GmSALT3_gF and GmSALT3_gR, Gmsalt3_gF 148 and Gmsalt3_gR; Table S1 ) were used to amplify GmSALT3 cDNA with Phusion® High-149
Fidelity DNA Polymerase (New England Biolabs) using 35 cycles (98 °C 30 s, 65 °C 30 s, and 150 72 °C 150 s). Gel-purified PCR products were A-tailed using Taq polymerase (New England 151 Biolabs) for 30 min at 72 °C, and then recombined into Gateway® entry vector 152 PCR8/GW/TOPO (Invitrogen) for subsequent applications. Resulting clones were sequenced 153 using internal primers (GmSALT3_F1, R1, F2, F3, F4, and F5, Gmsalt_F1, F2, and R1; Table  154 S1). The sequence of GmSALT3-YFP was PCR amplified from a previously constructed 155 plasmid pBS-35S::GmSALT3-YFP; the sequence of GmSALT3-TM10 (first 10 transmembrane 156 domain of GmSALT3) was PCR amplified from PCR8-GmSALT3. Gel-purified PCR products 6 of GmSALT3-YFP, GmSALT3-TM10 were recombined into entry vector PCR8 as described 158
above. 159
GmSALT3 and Gmsalt3 CDS, GmSALT3-YFP, GmSALT3-TM10, AtCHX20 and 160
AtKAT1 within entry vector PCR8 were cloned into the pGEM-HE vector and a modified 161 version of pET-DEST42 vector using Gateway ® LR Clonase ® (Invitrogen, USA), for X. laevis 162 oocyte expression and E. coli expression, respectively. The E. coli strain TK2463 lacks the T7 163 RNA polymerase, therefore, the T7 promoter in pET-DEST42 was replaced with the TAC 164 promoter. Inverse PCR was performed with 5 ng of plasmid, 50 nM of forward and reverse 165 primer (SH_215 and SH_216, Competent cell preparation and E. coli transformation were conducted as described by 172 Chanroj et al. (2011) . The resulting transformants were grown on KML media (10 g/L tryptone, 173 5 g/L yeast extract, 10 g/L KCl) supplemented with 100 μg/mL carbenicillin and incubated at 174 37 o C overnight; positively transformed colonies were identified by colony PCR with gene 175 specific primers (GmSALT3_gF and _gR; Gmsalt3_gF and gR). For E. coli growth 176 experiments, freshly transformed cells were first grown overnight in 5 ml KML at pH 7.2. Cell 177 cultures were replenished (OD600 = 0.5) and grown for 3 h in KML, and then washed with low 178 potassium media (10 g/L tryptone, 2 g/L yeast extract, 100 mM D-mannitol) three times. Cells 179 were normalized to OD600 0.5 for a 96-well plate assay. In each well, 20 μL of normalized cell 180 suspension was added to 180 μL growth solutions. All test media were supplemented with 100 181 μg/mL carbenicillin, with or without 0.5 mM IPTG (Isopropyl β-D-1-thiogalactopyranoside 
MIFE (Microelectrode Ion Flux Estimation) from oocytes 202
The MIFE technique allows noninvasive concurrent quantification of net fluxes of 203 several ions using protocols outlined by Shabala et al. (2013) with oocytes being used rather 204 than plant tissues in our experiments; sodium, potassium, and chloride commercial ionophore 205 cocktails (93314, 99311, and 99408, respectively; all from Sigma-Aldrich) were used as LIX 206 (liquid Ion Exchanger) when measuring Na + , K + , and Clfluxes. Oocytes were washed in ND96 207 (96 mM NaCl, 1 mM KCl, 1 mM MgCl2, 5 mM HEPES, pH 7.5). After incubation in ND96 208 for 72 hours, fluxes were measured after being transferred to BSM (5 mM NaCl, 0.2 mM KCl, 209 0.2 mM CaCl2, 5 mM HEPES, pH 7.5). 210
211

TEM (Transmission Electron Microscopy) 212
Fresh soybean NIL-T and NIL-S roots were sectioned to 1 mm (length), stems were 213 cross sectioned (1 mm in length and 1 mm in radius). Root and stem samples were incubated 214 overnight in 1.5 ml Eppendorf tubes with fixative (2.5% Glutaraldehyde, 4% Formaldehyde, 215 4% Sucrose, 0.1 M Phosphate buffer). Samples were washed three times in 1X PBS and then 216 washed with osmium (263257, Sigma-Aldrich) for 4 hours. Sections were then washed three 217 times in 1X PBS and soaked in 1X PBS for 20 mins and then embedded in 1% agarose gel. 218
Agarose embedded soybean root were cut into blocks (1 cm long). A series of dehydration 219 steps were performed after embedding, using increasing concentrations of ethanol: 50%, 70%, 220 90% and 95% (each for 30 mins), and 100% ethanol for overnight dehydration. Samples were 221 then incubated in increasing concentrations of resin (Spurrs): 5%, 10%, 15%, 20%, 25%, 30%, 222 40%, and 50% (each for 1 h), 50% overnight, 75% (4 h), 100% (4 h), and 100% (overnight). 223
Resin wells containing the agarose blocks were then incubated at 60 o C for 3 days for 224 Phloem sap was extracted according to the method of Rupassara (2008) and Ren et al. 248 (2005) . Soybean plant petioles were cut at the base (approx. 0.5 cm above the main stem) and 249 stems were cut approx. 2 cm above ground (upper part), and immediately dipped in 1.5 mL of 250 0.1 mM EDTA solution (pH adjusted to 8 with NaOH) in a 2 mL microcentrifuge tube for 20 251 min, then the tube was immediately dipped in liquid nitrogen and stored in -80 o C until analysis. 252
The glutamine concentration in the extract was measured using a Glutamine Assay Kit (EGLN-253 100, EnzyChrom TM , BioAssay Systems). Xylem sap was extracted using a pressure chamber. 254
Lower parts of the cut stems with roots were transferred into the pressure chamber. Pressure 255 was increased gradually (0.05 MPa increments) until the xylem sap presented. The first two 256 drops emerging were discarded using a micropipette to reduce contamination from damaged 257 9 cells or phloem sap (Berthomieu et al., 2003) . Xylem sap was then collected during the 258 following 5 min, and stored at -20 o C until analysis. Ion contents was measured as stated above. 259 260 261
Results
262
GmSALT3 modulates Na + , K + , and Claccumulation in soybean 263 Liu et al. (2016) previously used an extreme salt treatment (200 mM NaCl) that 264 typically results in the death of even the salt tolerant germplasm after a prolonged exposure. 265
Using this method, it was observed that full-length GmSALT3 improved shoot Na + and Cl -266 exclusion over 10 days, with higher shoot Claccumulation occurring prior to shoot Na + 267 accumulation in NIL-S (Liu et al., 2016) . Here, we used a lower salt concentration (100 mM) 268 that soybean plants are more likely to encounter in the field and which typically does not result 269 in death of the plants prior to seed production. Furthermore, we studied the time course of Na + , 270
Cland K + accumulation in NIL-T and NIL-S for different leaf types, stems and hypocotyls 271 ( Fig. 1 ). We confirmed that Claccumulates to higher concentrations in NIL-S shoots 272 compared to those of NIL-T ( Fig. 1b ). Additionally, also without salt treatment, we found a 273 higher Clconcentration in NIL-S aerial tissues (leaves and stems) without salt treatment; 274 whereas significantly higher Na + accumulation was detected in aerial tissues only after 3 days 275 of NaCl treatment in NIL-S, and higher Claccumulation continued ( Fig. 1a,b ; Fig. S1 , S2). 276
We further observed that K + content was increased in NIL-S compared to NIL-T in these tissues 277 following NaCl treatment ( Fig. 1c; Fig. S3 ). The observed accumulation of K + showed a similar 278 trend to Na + , but to a lesser extent, only increasing from 35.7±1.2 mg/g (day 0) to 51.2±1.2 279 mg/g (day 10), compared to 0.3±0.1 mg/g and 45.3±5.6 mg/g for Na + in the same period ( Fig.  280 1a; 1c). Therefore, although shoot K + increased in NIL-S, the ratio of K + /Na + was significantly 281 higher in NIL-T leaves compared to NIL-S when measured after day 3 ( Fig. 1d ). Salt treatment 282 affected biomass production; after 10 days NaCl treatment the total dry weight of NIL-T was 283 significantly higher, as well as all individual dry weights of leaves, roots, and stem ( Fig. 1e, f) . 284
After establishing the timeline for shoot ion accumulation in 100 mM NaCl, to ensure 285 we saw differences between the NILs we chose a 4-day time point to further examine where 286 salt was differentially accumulated between NIL-T and NIL-S ( Fig. 2, Fig. S4 ). We examined 287 the ion concentrations in a range of tissue types, and in the vascular sap. After 4 days, Na + 288 accumulated to a greater extent in all aerial tissues in NIL-S, including leaves (both first 289 trifoliate leaf, FL, and youngest trifoliate leaf, YL), petioles of the first trifoliate leaf (FLP) and 290 youngest trifoliate leaf (YLP), higher stem (HS), lower stem (LS), and Hypocotyl (Hy), which 291
is consistent with what we observed for whole shoot ion content analysis. No significant 292 differences were observed between the NILs for Na + in roots under salt treatment (primary root, 293 PR and secondary root, SR; Fig. 2a ). Under control conditions (4 days treated with RO water), 294 Na + content was significantly more, but still low, in secondary root (SR) of NIL-T compared 295 to NIL-S, with no significant differences in other tissues (Fig. S4 ). Detailed analysis of the 296 accumulation of K + under salt treatment revealed that K + was only significantly increased in 297 leaves of NIL-S and not in any other of the investigated aerial tissues or roots (Fig. 2b) . No 298 significant differences between NIL-T and NIL-S were observed for K + under control 299 conditions ( Fig. S4) . 300
Under saline conditions, the Claccumulation pattern was similar to that of Na + 301 accumulation in aerial parts and hypocotyls; more Claccumulated in leaves, stems and 302 hypocotyls of NIL-S compared to NIL-T ( Fig. 2c ). However, in roots (PR and SR), NIL-T 303 accumulated significantly more Clthan NIL-S ( Fig. 2c ). Under control conditions, Clcontent 304 was significantly elevated in leaves and stem of NIL-S, with no differences for hypocotyl and 305 roots ( Fig. S4 ). In addition, NO3content was also measured under salt treated conditions and 306 accumulated more in leaves (both FL and YL) and roots in NIL-T compared to NIL-S; the ratio 307 of Clto NO3was significantly lower in NIL-T leaves compared to NIL-S, and no significant 308 difference was observed in roots ( Fig. 2d ). In summary, significantly less Na + , K + , and Cl -309 accumulated in NIL-T shoots than NIL-S, which in many plant species is achieved by retention 310 of the ions in the root to avoid accumulation in the xylem sap flow to the shoot. Xylem and 311 phloem sap ion concentrations were therefore determined. 312
Ion concentrations within soybean stem phloem and xylem exudates were examined at 313 the 4-day time point following NaCl treatment. Glutamine contents within the phloem sap was 314 used to normalize these measures to avoid differences in sap volumes leading to artefactual 315 results, as glutamine concentration within the phloem remains constant throughout the day 316 (Corbesier, Havelange, Lejeune, Bernier, & Périlleux, 2001). It was found that the contents of 317 Na + and K + were not significantly different between the phloem sap of NIL-T and -S plants, 318 but Clconcentration was significantly higher in NIL-T stem phloem sap (Fig. 3a ). This 319
indicates an increased flow of Clfrom NIL-T shoots to their roots compared to that found for 320 NIL-S plants; Clis therefore likely to be recirculated from the stem to the roots via the phloem 321 in NIL-T plants. In stem xylem sap, the Na + concentration within NIL-S was significantly 322 greater compared to NIL-T, indicating less Na + is loaded into the NIL-T xylem -or more is 323 retrieved. Interestingly, in contrast to the accumulation data, the Clconcentrations were lower 324 in NIL-S xylem than NIL-T ( Fig. 3b ). Under control conditions (4 days with RO water), no 325 significant differences were observed between NIL-T and NIL-S for the ion concentrations 326 within stem phloem and xylem sap ( Fig. S4d ), which may be related to the detection levels of 327 the assays. 328
329
We hypothesized a link between the localization of GmSALT3 in the ER (Guan et al., 2014) 330 and its role in the phloem, as the ER reaches into phloem sieve elements and is directly exposed 331 to the phloem sap (Turgeon & Wolf, 2009 ). This localisation may enable a direct ion transport 332 from and into the sap of phloem cells and may alter the phloem morphology. In an attempt to 333 investigate this we examined the phloem ultrastructure of three-week old NIL-T and NIL-S 334 roots and stems following 100 mM NaCl treatment for four days. TEM (Transmission Electron 335 Microscopy) imaging did not reveal obvious morphological differences between NIL-T and 336 NIL-S in root phloem cells ( Fig. S5 ), indicating lack of full-length GmSALT3 does not result 337 in a disruption to sub-cellular morphology. 338 339 GmSALT3 facilitates Na + , K + , and Cltransport in heterologous systems 340
We functionally characterised GmSALT3 in heterologous systems, including the E. only 9 out of the 10 predicted alpha-helices. We therefore constructed GmSALT3-TM10, that 357 has all 10 TM alpha -helices with only the hydrophilic C-terminus removed. Both, YFP-tagged 358
GmSALT3 and GmSALT3-TM10 increased E. coli growth to that of GmSALT3 and 359 significantly greater than that of Gmsalt3 ( Fig. 4a; 4b) . None of the test constructs or controls 360 used had a significant impact on bacterial growth rates on media high K + (Fig. S6) ; on media 361 with low K + and no IPTG GmSALT3 did not show any significant growth differences from 362
Gmsalt3 which was no different from the negative control (Fig. S6) . In summary, bacterial 363 growth assays suggest that in addition to GmSALT3, YFP-tagged GmSALT3 and GmSALT3-364 TM10 are functional. This indicates all transmembrane domains are important for GmSALT3 365 transport function, but the large (383 aa) hydrophilic C-terminus can be truncated or added to 366 without abolishing K + transport. 367
As the presence of functional GmSALT3 in soybean causes shoot ion exclusion for Na + , 368
Cland K + , we were interested to see if the presence of the protein in cells influences the flux 369 of all three ions across the PM. To investigate this, we expressed YFP-tagged and untagged 370 when incubated in ND96 media (Fig. 5b) , but no consistent current differences were detected. 379 Therefore, we chose to conduct MIFE (Microelectrode Ion Flux Estimation) experiments to 380 measure ion fluxes. MIFE results indicated that in GmSALT3-injected oocytes net efflux of 381 Na + , K + , and Clwas reduced compared to H2O-injected oocytes (Fig. 5c ). Ion content analysis 382 of oocytes revealed that, in agreement with the reduced net ion efflux in oocytes, GmSALT3-383 injected oocytes contained significantly more K + , Na + , and Clcompared to H2O-injected 384 oocytes (Fig. 5d ). To test whether GmSALT3 induced differences in ion concentration could 385 be blocked in oocytes, we used the Na + channel and Na + /H + exchanger inhibitor amiloride 386 hydrochloride (Darley et al., 2000) . Oocytes were transferred from ND96 to BSM (low Na + , 387 K + and Cl -) and incubated overnight. Oocytes incubated without amiloride, showed a smaller 388 relative K + , Na + , and Clcontent decrease in GmSALT3-injected oocytes compared to H2O-389 injected oocytes as expected (Fig. 5d ). However, no difference was observed between control 390 and GmSALT3-injected oocytes when the Na + transporter inhibitor amiloride was present ( Fig.  391 5d), confirming GmSALT3 could affect transport of K + , Na + , and Clacross the PM in oocytes. 392
Discussion
393
The effect of GmSALT3 on ion accumulation in planta following salt treatment 394 Salt resistance includes tolerance to elevated levels of both Cland Na + . In many plant 395 species one of the two ions is more deleterious to the plant, however, the situation for soybean 396 is currently unclear with evidence for both ions being more toxic than the other (Läuchli, 1984) . 397
Whilst our work does not answer which ion causes the most damage to soybean, it does clearly 398 demonstrate that Na + and Cllong distance transport, and its accumulation in shoots, is 399 uncoupled in soybean. It is clear that Na + and Cllong distance transport is under the control 400 of distinct mechanisms even if the same gene appears to impact the transport of both ions. We 401 gathered the evidence to demonstrate this when we treated plants with 100 mM NaCl to mimic 402 a more physiologically relevant salt treatment than has previously been used on NIL plants (i.e. 403 one that would be found in the field). We confirmed in these conditions that shoot exclusion 404 of Clbroke down prior to exclusion of Na + in NIL-S when compared with NIL-S plants (Fig.  405 1). 406 Na + and Clare transported to shoots via the xylem transpiration stream. Under saline 407 conditions, Na + was accumulated to greater concentrations in the aerial parts of NIL-S but no 408 difference was observed in the roots compared to NIL-T (Fig. 2b) ; in stem xylem sap, there 409 was a lower Na + concentration in NIL-T compared to NIL-S but no significant difference in 410 stem phloem sap (Fig. 3 ). This indicates more Na + is transported in the NIL-S xylem stream. 411
As such net loading of Na + to NIL-T xylem is likely to be restricted compared to NIL-S plants. 412
As for Cl -, more Clis transported to the shoots in NIL-T xylem, but it clearly does not stay in 413 there, instead, the higher phloem sap concentrations indicate that Clmost likely is recirculated 414 to the root (Fig 3) . GmSALT3 might therefore impact Cldistribution in the plant via phloem 415 recirculation of Cl -, resulting eventually in higher Claccumulation in NIL-T roots. In addition, 416 when irrigated with RO (Reverse osmosis) water, NIL-S plants had significantly higher 417 accumulation of Clin aerial tissues (leaves and stems) than NIL-T plants, indicating an 418 intrinsic difference in net loading of the shoot even under non-saline conditions (Fig. S4 ). No 419 differences in phloem Clconcentration or shoot Na + content could be detected under these 420 control conditions which is possibly the result of the low signal for each parameter and 421 differences might fall under the detection limit of the method (Fig. S4) . These data clearly show 422 there are distinct mechanisms operating for the control of long-distance transport of Na + and 423 14 NO3has previously been shown to be an effective competitor of Cluptake to alleviate 425 ion toxicities in soybean under salt stress, indicating that leaf Cl -/NO3ratio may be a 426 significant index for evaluating salt tolerance, as with K + /Na + (Guo, Zhou, Li, Yu, & Luo, 427 2017). After salt treatment (100 mM for 4 days), NIL-T had a much lower Cl -/NO3ratio in 428 leaves than NIL-S (Fig. 2d) In NIL-S, without GmSALT3, K + concentration in shoots increased during the salt 432 treatment (simultaneously with Na + ), this did not occur in NIL-T (Fig. 1c) , and might be a 433 compensatory effect in NIL-S to maintain a higher K + /Na + ratio. Interestingly, NIL-T leaves 434 maintained a constant K + concentration throughout ten days of salt treatment even though Na + 435
and Clincreased after salt treatment (Fig. 1 ). No significant difference could be detected for 436 K + concentration between roots of NIL-T and NIL-S plants (Fig. 2c ). This indicates that 437 GmSALT3 also affects shoot K + accumulation in soybean. we propose that GmSALT3 affects processes at the ER and is not directly mediating ion 443 transport across the PM or tonoplast itself -this makes it unlike most other transport proteins 444 identified as important for salt tolerance. 445 A close homolog of GmSALT3, AtCHX20 in Arabidopsis thaliana, is preferentially 446 expressed in stomatal guard cells, and also localises to the ER like GmSALT3, with an ER-447 localised GFP-tagged version complementing the Atchx20 knockout phenotype (Padmanaban 448 et al., 2007) . AtCHX20 was shown to enhance growth of E. coli deficient in K + uptake (LB2003) 449 (Chanroj et al., 2011). We confirmed this result with a different K + transport deficient E. coli 450 strain (TK2463), and showed that GmSALT3 had a similar effect on E. coli growth as 451
AtCHX20. 452
Plant CPA2 (Cation-Proton Antiporter 2)/CHX (Cation/H + Exchangers) have not been 453 characterised in X. laevis oocytes before, different from some CPA2 members from the animal 454 field. Two Drosophila CPA2 transporters, NHA1 and NHA2, have been suggested to act as a 455 Na + /H + exchanger and a H + /Clcotransporter, respectively (Chintapalli et al., 2015), suggesting 456 that proteins from this family can putatively act as either, cation or anion transporters. Unlike 457 in planta, GmSALT3 targeted, at least partially, to the PM of X. laevis oocytes (Fig. 5a) . 458 GmSALT3 protein expression led to a depolarization of the membrane potential, similar to 459 what was reported for NHA injected oocytes (Chintapalli et al., 2015) . We also observed 460
GmSALT3 expression in oocytes led to a lower net ion efflux of all three ions, K + , Na + and Cl -461 ( Fig. 5c ). Interestingly, the reduced efflux effect was inhibited with the Na + channel and Na + /H + 462 exchanger inhibitor amiloride hydrochloride. Whilst this inhibitor is thought to be selective for 463 Na + transporters, it had an impact on the efflux rate of all three ions measured, Na + , K + and Cl -. The complexity of this novel salt tolerance mechanisms is further highlighted by the previous 479 observation that root GmSALT3 is sufficient to mediate shoot salt exclusion, using NIL-T and 480 NIL-S grafts (Guan et al., 2014) . Further experiments will need to be carried out to decipher 481 the novel mechanism imparted by GmSALT3 that is important for salt tolerance. This might 482 enable us to identify similar mechanisms in other (crop) plants. 483
Phloem translocation of Clappears to be conferred by GmSALT3. Phloem 484 retranslocation of NaCl in saline conditions has been observed before, for example, it was 485 found that in maize approximately 13-36% of the Na + and Climported to leaves through the 486 xylem was retranslocated to the root again in the phloem (Lohaus et al., 2000) . However, no 487 transport protein could be linked to this phenomenon. Until now, no reports have shown 488 phloem recirculation of Clto be an important salt tolerance mechanism; GmSALT3 presents 489 as a very promising candidate for impacting Cllong-distance re-translocation. 490 491
Conclusion 492
To summarize, this work has provided further insights into the salinity tolerance 493 mechanisms imparted by GmSALT3 in planta and in heterologous systems. We propose that, 494 in NIL-T, the presence of full-length GmSALT3 mediates Na + and Clexclusion from shoots 495 through restricting net xylem loading of Na + , while Clis retranslocated from the shoots back 496 into the roots via the phloem. In heterologous systems, GmSALT3 is involved in K + uptake in 497 E. coli cells, and its expression in X. laevis oocytes mediates net import of Na + , K + , and Cl -. 498 However, as it is an endomembrane-localised protein, how GmSALT3 contributes to soybean 499 salinity tolerance mechanisms is still not clear, and how its expression directly impacts salt 500 movement to and from shoots is unresolved. As the heterologous expression of GmSALT3 led 501 to transport differences in all three ions that are affected in distribution in the plant it is tempting 502 to speculate that GmSALT3 may be actively involved in their distribution in tissues. However, 503
as the effect on Cland Na + in the xylem and phloem differs, the impact of other processes 504 including other transport proteins are likely to be involved in the NIL phenotypes. RNA-505 sequencing using NIL-T and NIL-S roots may be beneficial in investigating if GmSALT3 506 confers salinity tolerance in soybean roots via influencing transcription, and what distinctive 507 pathways and genes have been significantly changed in NIL-T and NIL-S roots under saline 508 conditions. 509 510 Acknowledgements 511
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